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1. Introduction

In RAN #75 meeting, new Rel-15 work item of NB-IoT enhancement was agreed [1]. NB-IoT UE has to wait for an UL grant or performs RACH for the scheduling request. To reduce the latency and power consumption for the scheduling request, dedicated physical layer scheduling request may be required for NB-IoT. According to the WID, the objective on support for physical layer scheduling request for Rel-15 feNB-IoT is as follows:

	Further latency and power consumption reduction
· Support for physical layer SR [RAN1, RAN2]


The agreements we have made in the previous RAN1#88bis meeting is as follows [2].
	Agreements:

· SR should only be used when an NB-IoT UE is in uplink sync in RRC connected mode. 

· TA estimation should not be a design target of SR signal.

· Sending SR with HARQ ACK/NACK can serve as the baseline case for UE with DL data 
· Further designs to be considered for dedicated SR signal design are:
· Based on NPRACH signal;
· Based on NPUSCH format 2:
· Non-coherent detection based format is not precluded
· Collision handling for dedicated SR is FFS
Agreements:

· Design criteria for physical layer SR:

· Power consumption reduction

· Latency reduction

· Impact on legacy NB-IoT scheduling and resources

· Traffic models used and SR resource configurations should be reported together with evaluations.


In this paper, we discuss the design options and the consideration points to support for physical layer scheduling request. 
2. Discussion
2.1. Sending Scheduling Request with HARQ ACK/NACK feedback
As discussed in the previous meeting, sending SR with HARQ ACK/NACK feedback can serve as the baseline case for UE with downlink data. To support this, HARQ ACK/NACK method should be modified. We can consider some design criteria for modified HARQ ACK/NACK as follows. First, new HARQ ACK/NACK should be designed to guarantee ACK/NACK reliability as much as possible. For this design criterion, current ACK/NACK reliability can be considered as a baseline. Also, impact on legacy NB-IoT scheduling and resource should be considered for new HARQ ACK/NACK design. Based on these design criteria, we can consider possible candidates as follows.

Alt. 1) Tone selection method

In this method SR can be represented by tone selection, one is used for SR with ACK/NACK and the other is used for ACK/NACK only. To support this method, eNB should configure two different tones for the UE that support SR. However indicating two different tones with separate DCI field may increase DCI overhead. Instead of increasing DCI overhead, additional tone can be configured by offset from legacy ACK/NACK tone position. For example, if n-th subcarrier is configured for ACK/NACK transmission, n+1-th subcarrier can be used for ACK/NACK transmission with SR.
Alt. 2) Using QPSK constellation

To represent additional information on NPUSCH Format 2, QPSK constellation can be used. In current specification, only BPSK modulation is used for ACK/NACK transmission. Thus, NPSUCH Format 2 needs to be modified to support π/4-QPSK modulation scheme In this method two constellation points are used for SR with ACK/NACK, while the other two constellation points are used for ACK/NACK only. For example, 1 and j constellation points can be used to represent ACK message while -1 and –j can be used for NACK message. On top of this, j and -j can be used for SR, while 1 and -1 can be used for AKC/NACK only. In this case only one subcarrier is required for SR, which can reuse legacy NB-IoT scheduling and resource for NPUSCH Format 2. However, impacts on the ACK/NACK reliability π/4-QPSK modulation should considered carefully.
Alt. 3) Cover code

Cover code can be applied to the data part of NPUSCH Format 2 to separate SR with ACK/NACK from ACK/NAKC only transmission. In this method, ACK/NACK only transmission can reuse legacy NPUSCH Format 2 without any changes. In case of sending SR with ACK/NACK, orthogonal cover code can be applied to data symbols in NPUSCH Format 2 subframes. Likewise QPSK constellation method, cover code method does not require additional frequency resource. Also, it can be applied simply with small specification changes.
Proposal 1
To send SR with HARQ ACK/NACK feedback following methods can be used.
· Alt. 1) Tone selection method

· Alt. 2) QPSK constellation

· Alt. 3) Cover code
2.2. Dedicated Scheduling Request
For the UE that is not scheduled with downlink data, dedicated SR resource can be considered. There are two possible methods to support dedicated SR. 
First, dedicated SR can be designed based on the NPRACH signal. In this method, dedicated SR resource can be configured by sharing existing NPRACH resource. For example, parts of the resources for the NPDCCH ordered RACH can be used for dedicated SR. In this case collision between legacy uplink channel and dedicated SR can be handled by the legacy specification. However, sharing legacy NPRACH resource can restrict the original purpose of it.
The other method is using NPUSCH Format 2 design. In this method single dedicated subcarrier can be configured for SR. Because NPUSCH Format 2 transmission does not require frequency hopping, allocating single tone is enough to reserve SR transmission for a UE. However, this method requires additional resource configuration where legacy UE cannot recognize of its existence. Thus, scheduling restriction can occur to avoid the collision with uplink transmission of legacy UEs.
Although dedicated SR can reduce the latency and UE power consumption, occupying some dedicated resource can be a burden especially on NB-IoT case, which may require large repetition level and massive connectivity. Also, beside the dedicated SR issue, early data transmission during random access procedure is discussed concurrently in Rel-15 NB-IoT item, which can cover the purpose of dedicated SR. Thus, necessity of the dedicated SR should be discussed together with early data transmission during random access procedure. 
Proposal 2
Necessity of the dedicated SR should be discussed together with early data transmission during random access procedure.
3. Conclusion
In this contribution, we discuss the possible methods for SR with HARQ ACK/NACK feedback and consideration points for dedicated SR. Proposals of this contribution is as follows.
Proposal 1
To send SR with HARQ ACK/NACK feedback following methods can be used.
· Alt. 1) Tone selection method

· Alt. 2) QPSK constellation

· Alt. 3) Cover code
Proposal 2
Necessity of the dedicated SR should be discussed together with early data transmission during random access procedure.
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